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ABSTRACT 
Serum albumin is the principal component of blood 
proteins. It binds and transports a wide variety of 
compounds such as bilirubin, fatty acids, various ions, 
drugs and certain hormones. Free bilirubin is cytotoxic and 
neurotoxic. However, it is rendered nontoxic upon 
complexation with albumin. It is believed that albumin has 
three binding sites for bilirubin, one of which is strong 
and the other two are weak. Though extensively studied, the 
bilirubin binding site has yet to be discerned completely. 
Previous studies from this laboratory based on chemical 
modification have suggested noninvolvement of surface lysine 
residues in this interaction. The present studies are an 
extension of previous studies and describe the 
conformational and 1igand binding properties of three 
different acetylated albumins. 
The three acetylated derivates of BSA having lOOX, 90% 
and (lOX) modification were prepared by procedures 
standardized in this laboratory. The (lOX) acetylation of 
hurried lysine residues was achieved by using the double 
modification technique. All the acetylated derivatives were 
found to be homogeneous both with respect to size and 
charge as judged by gel chromatography and polyacryI amide 
gel electrophoresis. 
[ I 
Conformational changes In acetylated albumins were 
investigated by the technique of gel filtration and UV 
absorption spectroscopy. Hydrodynamic properties were 
studied by gel filtration on a calibrated Sephacryl S-300 
column. The two highly modified preparation namely 100% and 
90% acetylated albumins underwent substantial increase in 
their stokes radius (from 3.55 nm for native protein to 
about 5 nm for the modified preparations), whereas (10%) 
acetylated albumin underwent much smaller increase in its 
stokes radius (3.95 nm). The hydrodynamic results were also 
supported by UV difference spectral measurements. 
Interaction of bilirubin with native and acetylated 
albumins was studied by visible absorption spectroscopy. 
There was a decrease in the extent of difference spectral 
change of bi1irubin-protein complex at 480 nm for modified 
albumin derivatives. The decrease in the extent of 
difference spectral change at A80 nm relative to native 
protein at bilirubin albumin ratio of 1.0 was 95.6%, 89.7% 
and 25.6% respectively. The results on the interaction of 
other two ligands namely bromophenol blue and bromocresol 
green were qualitatively similar to the one obtained with 
bi1i rubin. 
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INTRODUCTION 
INTRODUCTION 
Serum albumin, ths most abundant protein in the blood 
circulation of mammals and other higher animals, constitutes 
about 50-60X of total human serum proteins. The distribution 
of albumin in different tissues is given in Table I. Serum 
albumin has been used as model protein in the elucidation of 
structure-function relationship in proteins. Extensive 
literature has been published on the structure and function 
of albumin by a number of prominent researchers (Foster, 
1960, Peters, 1985, Finlayson, 1980, Alexander et al., 1982 
and Rothschild et al., 198e>. 
Serum albumin is synthesized in liver in the form of 
preproalbumin. The signal peptide, 18 residues long, is 
cleaved off to produce prealbumin which is six residues 
larger than albumin. The proalbumin is finally converted to 
albumin when its N-terminal hexapeptide is cleaved off. 
Some of the physiochemical properties of bovine serum 
albumin (BSA) are summarized in Table II. The reported 
molecular weight of BSA varies between 65,000 and 69,000 
(Squire et al., 1968, Tanford, 1968 and Andrews, 1970). 
Molecular weight calculated from amino acid composition 
comes out to be 66,267 (Brown and Shockley, 1982). Bovine 
serum albumin contains 582 amino acid residues in a single 
polypeptide chain. A number of physiochemical techniques 
have been used to determine the shape of the protein 
TABLE I 
DISTRIBUTION OF ALBUMIN IN THE HUMAN BODY* 
Amount Amount 
Tissue (g/70 Kg man) <g''Kg of organ) 
Blood 140.0 24,0 
Muscls 50.0 2,3 
Skin 40.0 7.7 
Liver 2.0 1.4 
Gut 8.0 5.0 
Other tissues 110,0 3,0 
Total 350,0 
* Estimated from isotopic and immunochemical data 
(Rothschild et al,, 1955; Katz et ai., 1970), 
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TABLE I I 
PHYSIOCHEHICAL PROPERTIES OF BOVINE SERUn ALBUM IN 
PROPERTY VALUE REFERENCE 
MOLECULAR WEEGHT 
From composition 
From physical data 
SEDIMENTATION, CONSTANT 
S20,w ^ 10 
monmoner 
diroer 
DIFFUSION, CONSTANT 
D20,w X iO^ 
PARTIAL SPECIFIC VOLUME 
V2 
INTRINSIC VISCOSITY,n 
(g.ml" ) 
66,430 
69,000 
4.5 
6.7 
5.9 
0.733 
4. 1 
OVERALL DIMENSIONS 
ISOELECTRIC POINT 
ISOIONIC POINT 
OPTICAL ABSORBANCE 
279 nm, 1 g. Iitre" 
MEAN RESIDUE ELIPTICITY 
(e) 209 nm 
(©) 222 nm 
HELICAL CONTENT % 
PLEATED SHEET X 
41.6 X 140.9 A« 
4.7 
5.3 
0.667 
21. 1 
20. 1 
54 
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Brown and Shock ley (1962) 
Tanford (1968) 
Squire et al. (1966) 
Squire et al. (1966) 
Uagner and Scharaga (1956) 
Hunter (1966) 
McMillan (1974) 
Wright and Thompson (1975) 
Peters (1975) 
Foster (1960) 
Janatova et al.(1966) 
Noel and Hunter (1972) 
Noel and Hunter (1972) 
Sogami and Foster (1966) 
Reed et al.(1975) 
molecule. From such studies It has been concluded that the 
protein molecule behaves like a prolate ellipsoid of 
revolution, with dimensions of 41,6 x 140.9 A" (Wright and 
Thompson, 1975). This gives an axial ratio of 3.4. This 
behaviour is consistent with the presence of three 
structural domains in albumin molecule which are arranged in 
a linear fashion like three tennis balls in a cylindrical 
can (Andersen and Weber, 1969). This geometry is also 
supported by electron microscopy performed at pH. 1.9 which 
has revealed a structure made up of three globules in a 
string (Slayter, 1965). Attempts to study albumin strucure 
by X-ray crystallography have not been very successful 
(McClure and Craven, 1974, McPherson, 1976, Rao et ai., 
1976), Therefore all the information available on BSA 
structur.e is based on the data obtained from conventional 
techniques. Optical rotation and Raman spectral studies 
suggest that BSA contains about 55% helical content and 16* 
beta pleated sheet structure (Sjoholm and Ljungstedt, 1973, 
Reed et al., 1975, Foster, 1977). 
Bovine serum albumin shows changes in its conformation 
with change in pH of the medium. It exists in normal state 
(N form) in between pH 5.0 and 7.0, while between pH 4.0 and 
4.5 it exists in another form called as F (for fast moving) 
form. This transition (N ? F transition) has been 
extensively studied by Foster (1960, 1977), Herskovits and 
Laskowski (1962), Tanford et al. (1967a) and Taylor et al. 
Fig. 1 : Amino acid sequence of bovine serum albumin 
(Brown and Shockley, 1982). Position of 
disulfide bonds are shown by C Ea ] Number 1-9 
indicate the nine double loops of the protein 
mo I ecu 1e. 
d^). . 
(f.l uXsElJd "SXHISXT"'/*SP) 
< 
z 
o 
o 
CJ 
< 
o 
o 
to 
< Z 
o 
o 
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AMINO ACID SEQUENCE OF BOVINE SERUM ALBUMIN 
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large and a small loop, therefore 6 large and 3 small double 
loops are present in BSA (Brown, 1975). Unequal 
distribution of amino aoids in the polypeptide chain gives 
different oharaoteristios to different portions. For 
example, domain I and 11 of BSA are acidic having a net 
charge of -10 and -9 respectively, whereas domain ill is 
neutral with net charge of 0. Similarly tyrosine residues 
are concentrated in double loops 3 (residues 123-176) and 6 
(residues 314-368). 
Bovine serum albumin is a flexible but stable protein 
molecule at neutral pH. Like many other proteins it can be 
denatured by chemical denaturants like guanidine 
hydrochloride and urea, by heat and by extremes of pH. A 
number of workers have investigated the denaturation of 
albumin by urea and guanidine hydrochloride, and by heat 
(Tanford, 1968, Lapanje, 1969, Kawaguchi and liatisuhita, 
1974, Johanson et al., 1961, Chemlik and Kalous, 1982, 
Sharks and Ross, 1988a, 1988b and 1990). 
Albumin binds to a variety of compounds (Peters, 1985). 
It has multiple and adaptable binding sites (Brodersen, 
1979). Albumin binds several inorganic ions like Ca , Cu , 
Ni**, Zn**, Mn**, Co**, Cd**, Hg**, Au**, and Al*** (Hilak 
et al., 1974, Pedersen, 1978, Shaw, 1979, Sarkar, 1983, 
Trapp, 1983). Physiologically important compounds like 
bilirubin, fatty acids, various hormones and a large number 
of drugs also get noncovalentIy associated with albumin upon 
their entry into the blood cirulation (Berde et al,, 1979, 
Brodersen, 1978, Brodersen and Ebbesen, 1983, Brodersen, 
1983, 1984, Honore and Brodersen, 1984, Larsen et al., 
1985, Peters, 1985). In addition many organic dyes also bind 
with serum albumin. These include methyl red (Burkhard et 
ai., 1961), Phenol red (Rodkey, 1961), bromocresol green 
(Rodkey, 1964), bromophenol blue (Bjerrum, 1968, Tayyata and 
Qasim, 1990), congo red (Peters, 1970, Tayyab and Qasim, 
1990) and evans blue (Freedman and Johanson, 1969) etc. 
Various attemps have been made to study the binding of these 
compounds at molecular level (Sjoholm and Ljungstedt, 1973, 
Jacotasen, 1978, Fehske et al,, 1981, Reed and Bacharach, 
1983, Lightner et al., 1986). Among the binding sites, the 
bilirubin binding site has been best characterized at 
molecular level (Brodersen, 1979), 
Bovine serum albumin is believed to contain three 
bilirubin binding sites. One of these site is strong (Ka = 
1.4 X 10 N ) and the other two are weak (Jacobsen, 1969). 
The binding of bilirubin at the stronger primary binding 
site is believed to be physiologically important in 
rendering bilirubin nontoxic (Brodersen, 1979a). Based on 
the interaction of various peptic and tryptic fragments of 
albumin with bilirubin it has been proposed that the amino 
acid sequence 186-238 constitute the primary binding site of 
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bilirubin (Reed et al., 1975). Detailed investigations on 
the influence of ionic strength and temperature in 
biIirubin-albumin interaction have suggested electrostatic 
interaction to be important in this interaction (Jacobsen, 
1977, Brodersen, 1979b), This conclusion is supported form 
the fact that bilirubin exists in the form of a dianion at 
neutral pH. On the basis of the structure of bilirubin and 
various experimental results, it appeared that the two 
carboxylate group of bilirubin form salt bridges with the 
lysine or arginine side chain of the protein (Brodersen, 
1979a, Peters, 1985). Covalent coupling of bilirubin 
(Jacobsen. 1978) at primary bilirubin binding site of HSA, 
has strongly suggested the involvement of Lys-240 in this 
interaction. Sequence alignments show that Lys-240 of HSA is 
equivalent to Lys-238 in BSA. Despite disagreements 
regarding the identity of lysine residue (s), the 
participation of one or two lysine residues in this 
interaction has not been challenged. More recent studies in 
this laboratory have suggested that the lysine residue(5) 
involved in this interaction are hurried in the protein and 
are not accessible to the aqueous environment in the native 
protein. It is not clear how the inaccessible lysine 
residues become accessible for interaction with a bulky 
molecule like bilirubin. Mechanistio studies on bilirubin-
albumin interaction show that albumin molecule undergoes 
rapid relaxationai changes upon interaction with bilirubin 
11 
(Jacobsen and Brodersen, 1983K Possibly during those 
relaxational changes hurried lysine residues become 
accessible for interaction with the bilirubin molecule. 
In this dissertation preparation, properties and 
interaction with bilirubin and certain other 1igands of 
different chemically modified albumins has been described. 
The long term aim is to understand the mechanism of 
bi1irubin-albumin interaction. 
f 
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CIIEHiCALS AND METHODS 
The chemical used in this study are listed in Table Ml. 
1. pH •easureaents : 
Measurements of pH were carried out on an Elico pH 
meter, mode) Ll-IOT using Elico combined glass electrode 
type CL-5i. The least count of pH meter was 0.05 pH unit. 
Before pH measurements, the pH meter was caliberated by 
standard buffers of pH 4.0, pH 7.0 and pH 9.2 for measuring 
the pH values in acidic, neutral and in alkaline pH range 
respectively. 
2. Optical •eaBurenents: 
Light absorption measurements in the visible as well as 
in ultraviolet region were performed on Shimadzu double beam 
spectrophotometer (model UV-150-02) by using matched silica 
cells of 1 cm path length. 
3. Deteraination of protein concentration: 
Protein concentration was determined by measuring the 
absorbance in the wavelength range of 278-280 nm or by the 
method of Lowry et al., (1951) using bovine serum albumin as 
standard. 
(a) Protein concentration by UV Hethod: 
The absorbance of protein solution taken in 0.06 M 
sodium phosphate buffer, pH 7.0 was measured at 279 nm 
against the buffer. The concentration of protein (BSA) was 
14 
TABLE III 
S.NO. Chemicals Specif icat ion Source 
1. Acetic acid LR Glaxo Laboratories. 
Bombay 
2, Acetic anhydride AR BDH, Bombay 
3. Acrylamide AR SISCO Research Lab. 
Bombay 
A. Amidoschwarz E.tlerck, Germany 
5. Ammonium per-
suIphate 
SISCO Research Lab. 
Bombay 
6. Ascorbic acid GR Sarabhai N. Chemicals 
Ltd. Baroda 
7. B i1i rubin Lot NO.37F-0564 Sigma Chemical Co. 
USA 
8. Blue dextran V.P. Chest Institute. 
Delhi 
9. Bovine serum 
albumin 
Lot No.16F-0210 Sigma Chemical Co. 
USA 
10. Bromine E.Merck, Bombay 
11, Bromocresol green BDH. Poole, England 
12. Brofflophenol blue PPH, Polskie, 
Poland 
13. Buffer tablets pH4.0, 7.0 & 9.2 Glaxo laboratories, 
Bombay 
15 
S.NO. C h e m i c a l s S p e o i f i o a i : i o n Souroo 
14. Calcium chloride 
(Fused) 
LR Glaxo laboratories, 
Bombay 
15. Chloroform LR Glaxo laboratories 
Bombay 
16. a-chymotryp-
sinogen A 
Lot No. lllF-6055 Sigma Chemicals Co. 
USA 
17. Citraconic 
anhydride 
do 
18. Copper sulphate AR Glaxo Laboratories, 
Bombay 
19. Dialysis sacks Sigma Chemical Co. 
USA 
20. Dimethyl dichloro-
s iIane so Iut ion 
LR BDH, Poole, England 
21. Ethylene diamine-
tetra acetic acid 
disodium salt 
LR BDH, Bombay 
22. Glycine LR do -
23. Guandine hydro-
ch1 or ide 
Sigma chemical Co. 
USA 
24. Hydrochloric acid AR Glaxo Laboratories. 
Bombay 
25. Hydroxyl amine-
hydrochI or ide 
LR Sarabhai M. Chemicals 
Baroda 
16 
S.NO. Chemicals Specification Source 
28. Immunoglobulin G Lot No,898-1390 Sigma Chemical Co, 
USA 
27. Lithium Sulphate LR Glaxo Laboratories, 
Bombay 
28. Methanol LR Glaxo laboratories. 
Bombay 
29. Methyl cellosolve AR SISCO Research Lab. 
Bombay 
30. Mi 11ipore f i1ter 
(0.65 iiM) 
Mi IIipore Corp,,USA 
31. Ninhydrin BDH, Poole, England 
32. N,N', Methylene 
blsacy1 amide 
Renal, Hungary 
33. N, N,N',N', Tetra-
methylethylene-
dlamine (TEMED) 
LR BDH, Poole, England 
34. Orthophosphoric 
acid 
LR Glaxo Laboratories 
Bombay 
35. Ovalbumin Lot N0.23F-8175 Sigma Chemical Co. 
USA 
36. Picric Sulphonic 
acid (TNBS) 
- do -
37. Potassium 
diohromate 
AR Glaxo Laboratories, 
Bombay 
17 
S.NO. Chemicals Specif ication Source 
38. Potassium 
ferr icyanide 
LR Backers. USA 
39. Potassium 
permanganate 
LR BDH, Bombay 
40. Rectified spirit LR Glaxo Laboratories, 
Bombay 
41. Riboflavin E.Merck, Germany 
42. Sephacryl S-300 Lot.No.6lF-03ee Sigma Chemical Co.USA 
43. Sodium acetate LR Pfizer Ltd. Bombay 
44. Sodium azide Fisher Scientific Co. 
USA 
45. Sodium bicarbonate LR Sarabhai M. Chemicals 
Baroda 
46. Sodium Carbonate AR 
- do 
47. Sodium dodecyl-
Sulphate 
BDH, Poole,England 
48. Sodium hydroxide LR Glaxo Laboratories 
Bombay 
49. Sodium molybdate LR Burgoyne «< Co. Bombay 
50. Sodium Phosphate-
d ibas ic 
LR Sarabhai M. Chemicals 
Baroda 
18 
S.NO. Chemicals Specif icat ion Source 
51. Sodium Phosphate-
monobas ic 
LR Sarabhai M.Chemicals 
Baroda 
52. Sodium Potassium-
tartarate 
LR Glaxo Laboratories 
Bombay 
53. Sodium tungstate LR - do -
54. Solid glass beads 5 mm dia Kimble Resistant 
glass. USA 
55. Sucrose LR Glaxo laboratories. 
Bombay 
56. Sulphuric acid LR do 
57. Toluene AR Pfizer Ltd. Bombay 
58. Tris (hydroxy 
amino methane) 
Spectrochem 
Bombay 
59. Vhatman filter 
paper No. 1 
(12.5 cm dia) 
Whatman Ltd. 
England 
All glass distilled water was used throughout this study. 
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calculated by using specific extinction coefficient (El*icm* 
value of 6.67 (Janatova et al., 1968). Scattering 
corrections when needed, were done by extrapolating 
absorbance values in the 360-330 nra region to the absorbing 
reg ion. 
(b) Hethod of Lowry et al.{1951) : 
This method requires two reagents namely folin-phenol 
reagent and copper reagent. These reagents were prepared as 
fol1ows : 
(1) Preparation of Folin-Phenol reagent: 
This reagent was prepared as described by Folin and 
Clocalteu (1927). In two litre flask, 100 g of sodium 
tungstate, 25 g of sodium molybdate, 50 ml of 65% of 
orthophosphoric acid, 100 ml of hydrochloric acid and 700 
ml of water were added. This flask was wrapped with a black 
paper and refluxed for about 10 hours. After that 150 g of 
lithium sulphate, 50 ml of water and 6-8 drops of liquid 
bromine were added. Then the mixture was heated for 30 
minutes without a condenser, to remove excess bromine. 
After cooling, total volume was made upto 1 litre with 
water. The reagent was then filtered and stored in an amber 
coloured bottle. The stock was diluted four fold with water 
before use. 
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(ii) Preparation of Copper reagent : 
The following stock solutions wore prepared : 
A. 4% Sodium Carbonate (W/V). 
B. A% Sodium potassium tartarate (W/V). 
C. 2% Copper sulphate (W/V). 
Copper reagent was prepared by mixing solutions A, B, 
ahd C in the ratio of 100 j 1 i 1. The reagent was filtered 
before use. 
(b) Procedure for protein estiaation: 
An appropriate volume of protein solution was taken in 
test tube and total volume was made upto 1.0 mi by buffer or 
water. Five millilitre freshly prepared copper reagent was 
added and mixed well. After that 1.0 ml of diluted Folin-
phenol reagent was added and mixed well. After 30 minutes 
the colour intensity was recorded at 700 nm against a blank 
solution prepared by the same method as described above 
except that it contained only water or buffer and no 
protein. 
For quantification caliberation plot between protein 
(BSA) concentration and absorbance was obtained. These data 
were analyzed by least square method and fit into the 
straight line equation : 
Y = 2.349 X + 0.004 (1) 
21 
Where Y is the absorbance at 700 nm and K is the amount 
of protein in rogs. 
(A) Gel chroMatography : 
Gel chromatography was performed on a Sephacryl S-300 
column (44.5 x 1.76 cm ). Before packing the column was 
washed with detergent, chromic acid and finally with water. 
Column was mounted vertically and its narrow bore was 
connected to a latex tubing to regulate the flow rate. The 
radius (r) of the column was determined by measuring the 
volume (V) of a certain height <h) of liquid column at two 
different places. The radius of the column was obtained by 
using the following relations : 
V = re r^ h (2) 
r = J- V/« h (3) 
The bottom end of the column was plugged with clean and 
boiled glass wool. The surface of glass wool was covered 
with a layer of glass beads. About l/5th of the column was 
fitted with water and then the slurry was carefully poured 
down the wall of the column. After the gel had settled, the 
column was operated with a flow rate of 5 ml/h. As gel 
settled down, flow rate was gradually increased to a flow 
rate which was about 5 ml/h more than that required for 
column operation. After the gel bed had stabilized in the 
column^ It was equilibrated with sodium phosphate buffer, 
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pH 7.0, I =0.15 containing 0.02* sodium azide. The total 
bed volume (V^ J was calcuated by :-
The homogeneity of packing of the column was checked by 
passing a band of 0.2X solution of blue dextran-2000, 
through the column. The elution volume (VQ) of blue dextran 
yielded void volume (VQ) of the column. The internal volume 
(V^) of the column bed was obtained by subtraction of void 
volume from the elution volume of a small molecular weight 
compound such as potassium ferricyanide (Andrews, 1970). The 
elution volume, VQ, of a protein sample was obtained from 
its elution profile. 
A volume of protein sample which was IX of the total 
gel volume, was loaded. Fractions of 2.0 ml were collected. 
The column was monitored for protein by the method of Lowry 
et al (1951). Marker proteins used for calibration with 
their stokes radii in parenthesis were a chyrootrypsinogen A 
(2.24 nm), ovalbumin (2.72 nm), BSA (3.5nm) and 1^  Globulin 
(5.3nm). Stokes radii were determined by the method of 
laurent and killander (1964) and Ackers (1967). For that 
distribution coefficient (Kd) and were calculated by 
following equations : 
Kd = Ve - VQ/VI (5) 
Kav = Ve - V^/V^- VQ (6) 
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The data were treated according to equation given by 
Laurent and Killander (1964> 
{-log Kav)* = A r + B (7) 
(A and B are the calibration constant). 
For calculation of the Stokes radii by Ackers(1967) 
method, the following equation was used. 
r = ao + bo erfc"^ Kd <8) 
The ag and bo are the calibration constants. Inverse 
error function of Kd (erfc kd) values were calculated from 
Kd values. 
Further treatment of these data by the method of least 
squares analysis yielded the following straight line 
equations from the methods of Laurent and Killander (1964) 
and Ackers (1967) respectively. 
(-log Kav)'* = 0.13186 r + 0.00744 (9) 
r = 5.73054 erfc~^ Kd + 0.950755 (10) 
The stokes radii were calcuated with the help of 
equations 9 and 10. 
(5) Polyacrylaaide gel electrophoresis t 
Polyacrylamide gel electrophoresis was performed 
according to the method of Davis (1964) in tris-glyclne 
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buffer, pH 8,2, The gel tubes (10 x 0,4 cm) were washed 
well and dried. After that tubes were siliconized with a 
solution of 5% (V/V) dichloro dimethyIsiIane in chloroform, 
A small pore solution containing 7% (W/V) acrylaraide, 0,ie» 
(W/V) N, N.N'.N', tetraraethyl ethylene diamine (TEMED), 
0.07% (W/V) ammonium persulpahte and 4.57% (W/V) hydroxy 
ethyl amino methane, (TRIS) was prepared. Two ml small pore 
solution was added in each gel tube whose bottom end was 
plugged with rubber stoppers. The surface of the small pore 
solution was layered carefully with few drops of water. 
After 30 minutes of polymerization at room temperature, 
water was removed with the help of strips of filter paper. 
Two hundred ij 1 of large pore solution containing 2.5% (W/V) 
acrylamide, 0,62 (W/V) TEMED, 0.625% (W/V) N,N'methyIene 
bisacrylamide, 0.005%(W/V) riboflavin, 6% (W/V) hydrochloric 
acid; 0.75% (W/V) TRIS and 20% (W/V) sucrose were pooured in 
each tube and again layered carefully with water at the top 
of large pore solution. Large pore solution was polymerized 
under fluorescent light for 10-15 minutes. After 
polymerization the water layer was removed and surface was 
rinsed with sample buffer. The lower tank of electrophoresis 
assembly was filled with electrophoresis buffer and the 
tubes were suspended in such a manner that the large pore 
gel containing end of the tube was projecting in the upper 
chamber of electrophoresis assembly. For sample preparation 
25-e5*ig protein was taken in 0. 1 ml buffer containing 40 rag 
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of sucrose. The tubes were fitted in scientronic 
electrophoresis assembly. About 0.I ml of sample mixed with 
a drop of 0.01% (W/Vl broraophenol blue was applied on the 
top of large pore gel. The remaining air space was carefully 
filled up with buffer. The terminals of eIectrophoretic 
assembly were appropriately connected to the power supply. 
The upper assembly was then carefully filled up with the 
buffer. The current was adjusted so that it was 4-5 mA per 
gel tube. The electrophoresis was continued till the band of 
tracking dye (broraophenol blue) had migrated to nearly 3/4 
of the gel length. After that the gels were taken out and 
stained for 1 hr in 1% (W/V) amido schwarz prepared in 7% 
(V/V) acetic acid. Destaining was performed mechanically 
with 7% (V/V) acetic acid at SyC, The relative mobility 
(Rffl) was obtained by 
distance travelled by protein band 
Rm = (11) 
distance travelled by tracking dye 
(6) Cheaical Hodification': 
Acetylation of bovine erum albumin was performed using 
the procedure of Riordan and Vallee (1967). In order to get 
the desired extent of modification the experimental 
conditions of acetylation were carefully worked out as 
foilOWB I 
(a) Standarization for acetylation: 
Using 20, 50, 100, 150, 200, 300, and 500 molar excess 
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of acetic anhydride over protein, seven acetylated BSA 
derivatives were obtained. Acetylation was carried out in 
half saturated sodium acetate 1 hour at A^C. During 
acetylation pH was maintained at 7.5 by the addition of 2N 
NaOH solution. After modification, the modified preparations 
were dialysed extensively against 0.06 M sodium phosphate 
buffer, pH 7.0. Extent of modification was determined by 
ninhydrin method according to Moore and Stein (1954). Extent 
of modification was plotted against molar excess of acetic 
anhydride to obtain a relation between the molar excess of 
acetic anhydride over protein and the extent of 
mod if icat ion. 
(b) Preparation of 90% acetylated BSA: 
Acetylation was performed as described above using 700 
molar excess of acetic anhydride over protein. 
(c) Preparation of 100% acetylated BSA: 
Acetylation was carried out using 1000 molar excess of 
acetic anhydride over protein. In order to ensure complete 
modification of all amino groups acetylation was performed 
in the presence of 6 M guanidine hydrochloride. 
(d) Preparation of (10%) acetylated BSA: 
A different approach was used to acetylate 10% lysine 
residues normally inaccessible in the protein. This 
preparation was obtained by double modification technique 
<Mir et al., 1992). In the first modification a 90% 
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citraconylated BSA was obtained and this preparation was 
immediately subjected to acetylation as described above to 
acetyiate thenlOX amino groups. After this the citraconyl 
groups were removed by exposing the protein to 0.05 H sodium 
acetate buffer, pH 3.5 for 96 hours. At pH 3.5 citraconyl 
groups are highly labile (Atassi and Habeeb, 1972) whereas 
acetyl groups are completely stable. Thus during this acid 
treatment citraconyl groups will be removed whereas acetyl 
groups will remain on amino groups. 
(7) Extent of aodification: 
The extent of modification of amino groups in modified 
BSA's was obtained by treatment with trinitrobenzene 
sulphonic acid (TNBS) as described by Habeeb (1966) and by 
Ninhydrin reaction (Moore and Stein, 1954). 
(a) Reaction with TNBS: 
To 1.0 ml of protein solution (native or modified BSA) 
containing 0.1'/.(V/V) TNBS solution in water. The mixture was 
incubated at 40»C for 2 hours. Then 1.0 ml of lOX (W/V) 
sodium dodecyl sulphate (SOS) solution was added to 
solubilize the protein and to prevent its precipitation on 
the addition of 0.5 ml of 1 N hydrochloric acid. The colour 
intensity was recorded after 10 minutes at 335 nm against a 
blank treated in same way except that it contained 1 ml 
water instead of protein solution. The extent of 
modification was calculated from the straight line plots 
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between amount of proteins (in mg) and absorbance at 335nm, 
for unmodified and modified BSA preparations by using 
following equation; 
m 
Percent modification = 100 - ( 1- ) (12) 
Where m and mo represent slopes of straight lines 
obtained for modified and unmodified BSA respectively. 
(b> Ninhydrin reaction : 
The method of Moore and Stein (1954) was used which 
involves following steps : 
(i) Preparation of hydrindantin: 
Hydrindantin was prepared according to standard 
procedure (Moore and Stein, 1954) by reducing ninhydrin with 
ascorbic acid. One gram ninhydrin was dissolved in 25 ml of 
water at gCC. Five ml of 20X (W/V) ascorbic acid was added 
slowly to ninhydrin solution with constant stirring. The 
reaction was allowed to take place for 30 minutes, without 
further heating. The contents were then cooled under tap 
water. The hydrindantin crystals, thus formed, were filtered 
washed with chilled water and dried in a desicator. The 
crystals were stored in dark. 
(il) Preparation of ninhydrin reagent: 
Three hundred mg of ninhydrin and 100 mg of 
hydrindantin were dissolved in 76 ml of methyl cellosolve 
29 
and volume was made upto lOOml with 4 M sodium acetate 
buffer, pH 5.5. This reagent was stored in an amber coloured 
bottle at AOC . 
(iii) Procedure for quantification: 
In a series of tubes, different amounts of protein 
(0.1-2.0 mg) were taken and volume was made to l.O ml with 
water. One ml of 4 M sodium acetate buffer, pH 5,5 and 1.0 
ml of ninhydrin reagent were added. The tubes were placed in 
a boiling water bath for exactly 20 minutes. After that the 
tubes were cooled under tap water and the contents were 
diluted with 50% rectified spirit (Ansari et al., 1975), and 
were read at 570 nm against appropriate blank, Absorbance 
values at 570 nm were plotted against protein concentration 
(in mg) and data were analyzed by least square method. The 
extent of modification was determined by using equation (12) 
(6) Estimation of tyrosine aodification: 
The number of tyrosine residues modified during the 
chemical modification were determined by the mnethod of 
Riordan and Vallee (1967b). Modified BSA sample was treated 
with 1 M hydroxylamine hydrochloride at pH 7.5 for 15 
minutes and increase in absorbance at 278 nm was measured. 
This increase was due to deacylation of 0-acyl tyrosine 
residues. The number of tyrosine residues modified (N) was 
calcuated by following equation : 
N = ^^278 X M/1160 X C (13) 
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Where M Is the molecular weight of the protein, C is 
the concentration of protein in mg/inl and AA278 ^^ ^^^ 
increase in absorbance due to deacylation of one mole of 0-
acyI tyrosyl residues. 1160 is the increase in absorbance 
due to deacylation of one mole of 0-acyl tyrosine, 
(9) Ultraviolet difference neasurenents: 
Ultraviolet difference absorption spectra of unmodified 
(Native) and modified BSA preparations were recorded in 
sodium phosphate buffer, pH 7.0, I =0.15 at room 
temperature. Extreme care was taken to ensure that the 
concentration in each preparation is identical. The 
scattering corrections were made by extrapolation of 
absorbance values in the wavelength range 360-340 nm to the 
absorbing region of BSA. The scattering correction was 
subtraced from absorbance of protein preparation which was 
recorded in the region of 360-240 nm against appropriate 
blank. The difference in the absorbance ( A O.l^. > was 
obtained by manually subtracting the absorbance of each 
modified BSA sample from unmodified BSA preparation. The 
difference in absorbance was finally converted into 
E i^ and plotted against wavelength. The protein 
concentration was 1.61 rag/ml. 
<10) Binding of bilirubin with albuain: 
The binding of bilirubin with BSA and its modified 
forms was studied by visible absorption spectroscopy. First 
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of all the stock bilirubin solution was prepared just before 
the experiment by dissolving 4 rag of bilirubin in 1 mi of IM 
sodium carbonate containing 1 mh EDTA, The volume was made 
upto 50 ml with tris-HCl buffer, pH 8.0, 1 = 0,15. The 
bilirubin was stored at A'C in the dark. The concentration 
of bilirubin was determined by using a molar absorptivity 
coefficient of 47,000 at 440 nm (Jacotasen and Wennberg, 
1974). 
Absorption spectra of free bilirubin and bilirubin-
albumin complex were recorded at room temperature in the 
wavelength range 550-360 nm. About 25nM protein solution was 
taken for these measurements. To the protein solution 
required amount of bilirubin solution was added such that 
molar ratio of 0.5, 1.0 and 2.0 between bilirubin and 
albumin were obtained. The respective blanks of free 
bilirubin were prepared in the same fashion except that 
buffer was used in place of protein solution. The 
absorbance was recorded in the wavelength range 550-360nm. 
The difference spectra due to interaction of bilirubin with 
different BSA preparations were obtained manually by 
subtracting the absorbance of bilirubin solution (blank) 
form that of absorbance value of bi1irubin-a1bumin complex 
at each wavelength. The net absorbance was plotted against 
wavelength. 
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(11) Binding of Broaophenol blue: 
The binding of bromophenol blue (BPB) was studied 
spectrophotometricalIy at different pH values and at 
different molar ratio of the dye and the protein. About 
ISOjiM solution of BPB was prepared, containing 0.01% SDS as 
surfactant and 0.02% sodium azide as preservative agent. 
The solution was filtered and stored in an amber coloured 
bottIe. 
The interaction of BPB with BSA (modified and native) 
was studied at dye/protein molar ratio of 1.0, 2.0, 3.0, 
4.0, 6.0 and 8.0 at pH 4.0, 6.0 and 8.0. Different molar 
ratio were obtained by taking a fixed amount of protein and 
desired amount of the stock BPB solution. The different 
buffers used were : sodium acetate pH 4.0, I = 0.4, sodium 
phosphate, pH 6.0, I =0.4 and sodium phosphate, pH 6.0, 1 = 
0.4. The absorption spectra were obtained in the wavelength 
range 685-550 nm against blanks, which were prepared in the 
same way as samples except that they did not contain any 
protein. 
(12) Binding of broBOcresol green : 
The binding of broroocresol green (BCG) with albumin was 
studied by visible spectroscopy in the same fashion as 
employed for BCG. About 150pM BCG solution was prepared 
containing surfactant and preservative as described above. 
The Interaction of BCG with BSA (modified ; id native) was 
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studied at dye/protein molar ratio of l.O, 2.0, 3.0, 4.0,6.0 
and 8.0 at pH 4.0, 6.0 and 8.0. Diftorent molar ratio were 
obtained in the same manner as described earlier. The 
different buffers used were; sodium acetate pH 4.0, I = 0.4, 
sodium phosphate, pH 6.0, { =0.4 and sodium phosphate, pH 
8.0, I = 0,4. The absorption spectra were obtained in the 
wavelength range 730-520 nm against appropriate blanks 
which were prepared in the same wasy as samples except that 
they did not contain any protein. 
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RESULTS AND DISCUSSION 
Experimental conditions for preparing 90X acylated BSA were 
workeiout by acetylating BSA with different concentrations of 
acetic anhydride under standard set of experimental 
conditions. Seven different conc3ntrations of acetic 
anhydride namely 20,50, 100, 150, 200, 300 and 500 molar 
excess of acetic anhydride over protein were used for 
acetylation of lysine residues of BSA. Extent of chemical 
modification, as described in the experimental section, was 
determined by ninhydrin method (Moore and Stein, 1954) (see 
Table IV as well as by TNBS method ( Habeeb, 1966). 
Straight line plots between protein concentration and the 
change in the ninhydrin colour intensity for different 
protein preparations (native and various chemicallly 
modified) are shown in Fig. 2. Understandably the slope of 
these straight 1ines decreases when the protein is treated 
with increasing amounts of acetic anhydride indicating 
decrease in the content of free amino groups in the protein. 
By fitting the values of slopes of native and modified 
proteins in equation 12, the percent modification was 
obtained. The inset in Fig. 2 shows a plot between the molar 
excess of acetic anhydride over protein and the percent 
chemical modification. From this plot it can be seen that 
extent of change of modification is much greater at lower 
than at higher acetic anhydride concentrations. The plot 
slopes off at about 70X chemical modification. These results 
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Table fV 
Acetylation of anino groups of B5A with acotic anhydride 
Molar ratio Extent of 
(anhydride/protein) Modification 
Number of amino 
groups modified 
20 
50 
100 
150 
200 
300 
500 
10 
18 
33 
50 
58 
68 
93 
6 
11 
20 
30 
35 
41 
50 
» The total number of free amino groups in BSA was taken to be 
60 (59 Lysine + 1 a amino group) (Peters, 1985). 
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Fig, 2 : Plots of ninhydrin colour intensity versus 
protein concentration for native and 
different acetylated albumins. Protein 
preparations are ; Native BSA (0—0 ), BSA 
treated with increasing molar excess of 
acetic anhydride : 20 i^ ^ ), bO (A — A '. 
100 (• • ). 150 (X J^  >, 200 (• A.), 
300 (0 e ) and 500 (0 •<•) ), Straight lines 
were drawn by the method of least squares. 
Percent modification was calculated by using 
the equation (12). Inset shows a correlation 
between extent of acetylation and molar 
excess of acetic anhydride,. 
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support the earlier conclusions that BSA contains about SOX 
freely reactive (presumably exposed) and about 20?t 
sluggishly reactive (presumably burried) lysine residues. 
(Tayyab and Qasim, 1986). The difference in the reactivity 
of burried and exposed lysine residues is important, for the 
selective modification of burried lysine residues by the 
double modification technique developed earlier in this 
laboratory that has been briefly described in the 
experimental section. 
In the double modification technique used here the data 
obtained with acetic anhydride were used for obtaining a 
citracony1ated preparation with about 90X modification. It 
was assumed that the reactivity of citraconic anhydride 
towards the amino groups of protein was practically the same 
as that of acetic anhydride. The results described below are 
in agreement with this assumption. In addition to preparing 
a lOX acetylated albumin by double modification technique 
with acetylation on burried lysine residues two other 
preparation having 90* acetylation and 100% acetylation were 
also prepared by conventional modification technique. 
The extent of modification in these preparations was 
determined by TNBS method (Habeeb, 1966). The straight line 
plots are shown in Fig. 3. 
Acylation reaction the lysine residues with acylating 
reagents like acetic anhydride, citraconic anhydride and 
39 
E 
c 
in 
UJ 
z 
< 
CD 
a. 
o 
en 
CD 
< 
140 
120-
100 
080-
0 60 
0.40 -
020-
0.00 
0.1 0 2 0 3 0 4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 
mg OF PROTEIN 
Fig, Plots of TNBS colour Intensity versus 
protein concentration for native and modified 
albumins. The protein preparations are : 
native BSA (* >K ) . (10 %) acetylated BSA 
(0 © ) , 90% citra conylated BSA (• •) and 
100% acetylated BSA (0 0), Straight lines 
were drawn by the method of least squares. 
Percent modification was calculated by using 
equat ion (12). 
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succinic anhydride are generally highly specific and little 
or no modification on other side chains takes place under 
the conditions used to acylate lysine residues. One notable 
exception however is the phenyl hydroxyl group of tyrosine 
which 0-acetylate during reaction with acetic anhydride. 
This reaction however can be reversed by treating the 
protein with 1 M hydroxylamine HCI at pH 7.0 for about 2 
hours. Acetamide linkage and all other covalent linkages 
present in the protein are not effected by this treatment. 
The 0-deacetylation produces an increase in absorbance at 
278 nra. The number of tyrosine residues 0-deacetyIated can 
be quantitated since 0-deacetylation of 1 mole of 0-
acetylated tyrosine produces a molar extinction change of 
1160 (see experimental section for details). Figure 4 shows 
the kinetics plots for the hydrolysis of 0-acetyI tyrosine 
residues in various BSA preparation upon treatment with 1 M 
hydroxylamine at pH 7.0. The number of tyrosine residues 
modified were calculated from these data and are depicted in 
Table V. In all the experiments described in this 
dissertation the acetylated BSA's, which were deacetylated 
in this manner have been used. 
Polyacrylaaide gel electrophoresis: 
EIectrophoretogram of native and modified albumins 
obtained on 7% PolyaoryI amide gels at pH 8,2 is shown in 
Fig, 5. Qualitatively eIectrophoretic pattern of modified 
albumins was similar to that of native albumin Indicating 
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Fig,4 : Deacylation kinetics of O-acetyl tyrosine 
residues with hydroKyI amine in acetylated BSA 
preparations. The O.D. at 278 nm was 
plotted against time, for 90% acetylated BSA 
(A) 100% acetylated BSA (B) and (10%) 
acetylated BSA (C), 
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Table V 
ACETYLATION OF BOVINE SERUM ALBUM IN 
Reagent 
Molar excess 
of reagent 
over 
protein 
% No of amino No of 
modifi- groups tyrosine 
cation modified residues 
mod if ied 
Acetic anydride 700 90 55 
Acetic anhydride 1000 100 60 11 
C i tracon ic 
anhydr ide 700 90 54 
Cit BSA with 
acetic anhydride 700 { 10%) 
+ shows the acetylation of hurried amino groups, 
« % modification was obtained by using TNBS method (Habeeb, 
1966). (see Fig. 3) 
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that within the limits of tho datectabiIity of this 
technique no additional heterogeneity is introduced during 
chemical modification. The relative mobility values obtained 
using equation 11 are depicted in Table VI. Acetylation of 
lysine residues of a protein results in an increase of the 
net negative charge by one unit per amino group modified at 
all pH values below pH 9.0. Thus the anodic mobility of 
protein bands at pH 9.0 and below would be expected to 
increase with increase in the degree of acetylation, if it 
is assumed that mobility of protein bands on poIyacryI amide 
gels is a linear function of net charge. However it should 
be pointed out that hydrodynamic volume of the protein also 
contributes substantially to its mobility in polyacryI amide 
gel electrophoresis. As shown below both 90)^ acetylated and 
100% acetylated albumins undergo considerable increase in 
their stokes radii. It is therefore logical to assume that 
lower than expected mobility obtained in these two 
preparations is because of increase in stokes radii. These 
results are in agreement with earlier results obtained on 
other modified preparation (Tayyab and Qasim, 1986). 
G9I Chromatography : 
The stokes radius of modified BSA derivatives was 
determined by column chromatography on a calibrated 
Sephacryl S-300 column (1.8 x 44.5 cm) at pH 7.0, ionic 
strength 0.15. The column was calibrated by passing various 
standard proteins of known stokes radii. The elution profile 
45 
Table VI 
Effect on Stokes radius add ftm values by acetyl at ion 
% modification stokes stokes radius Rm value 
rad ius(nm) (nm) 
(A) (B) 
Native BSA 3,55* - 0.904 
90% acetylated BSA 4.76 5.06 0.847 
lOOX acetylated BSA 4.81 5.13 0,623 
(10%) acetylated BSA 3.98 3.95 0.977 
Values of Stokes radii were obtained by the methods of Laurent 
and Killander (1964), (A) and Ackers {1967), (B) (see Text for 
detai1s), 
« Taken from Andrews <1970) 
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of various marker proteins and modified BSA preparations are 
shown in Fig, 6 and 7 respectively. The elution volume of 
proteins were used in the calculation of Kd and Kav with the 
help of equation (5) and (6). Elution profiles of blue 
dextran and potassium ferricyanide (see Fig, 71 were used 
for the determination of VQ and Vj. The gel chromatography 
data are summerized in Table VII. Stokes radii of modified 
proteins were obtained by treatment of these data according 
to equations (7) and (8) given by Laurent and KiI lander 
(1964) and Ackers (1967) respectively. Treatment of gel 
filteration data by the method of Laurent and KiI lander 
(1964) and Ackers (1967) yielded straight lines. The 
straight line plots are shown in Kig, 8. The value of stokes 
radii obtained after least squares analysis of these plots 
are depicted in Table VI, 
Two Important conclusions emerge from the gel 
filteration results described above. First, various 
acetylated prepation are homogeneous with respect to size. 
Second, 92X and lOOX acetylated bovine serum albumins 
undergo much greater conformational changes than (lOX) 
acetylated BSA. This result is important since it shows 
that modification of burried lysine residues alone produces 
relatively smaller conformational changes and hence also 
proves the usefulness of double modification technique. 
ABSORBANCE AT 700nm 
m 
r-C 
—1 
O 
z 
< 
o 
f -
c 2 
m 
3 
ABSORBANCE AT 700 nm (A,B,C ), 420 nm ( D) 
m 
o 
z 
< 
o 
r-
C 
m 
ABSORBANCE AT 625nm(E) 
mm 
*«« 
> 
o mm 
ja 
rt 
1 -
£ 
a 
h 
0 
I 
0 
u 
x: 
o 
tm 
« 
o 
>> i) 
•0 
V 
c 
•H 
+» 
.0 
0 
» 
01 
c 0 
A 
a 0) 
h 
a 
< 
t/) 
CO 
•0 
01 
•p 
n mm 
>> 
+» 0 
u A 
C 
ra 
in 
c 
0) 
4^ 
0 
»H 
a 
0) 
X 
u 
IQ 
• 
0 
U4 
t« 
V 
A 
V 
r. 
0 
• H 
to 
^ 
"^  
0 
h 
? 
•4J 
h 
» 
a 
• 0) 
•p 
• 
0 
0 
u 
-P 
to 
" 
1/) 
H 
• 
o 
II 
• ^ 
» 
o 
• 
r-
X 
a 
•p 
to 
»^  
• u 
(0 
r-
• 
»H 
K 
in 
• 
< 
• * 
'•^  
c 
• 3 
0 
u 
o 
o 
1 in 
> M 
u (0 
£ 
a 
0) w 
c 0 
UH 
0) 
JP 
> 
00 
0 
> 
(t) 
:^  
o 
> 
* 
o 
Q) 
01 
o 
0) 
o 
a. 
CM 
CM 
0) 
O 
CO 
CD 
ri 
CD 
d 
CD 
10 
CM 
C^i 
in 
4 
CM 
rj 
CO 
r-
CM 
49 
CO 
00 
(0 
0) 
00 
<* 
00 
o 
r> 
flO 
•* (D 
O) 
ID 
(0 
CO 
o 
ID 
<* 
CO 
<* 
• o 
CJ) 
»H 
ID 
• o 
r-
r-
co 
• o 
ID 
CO 
(O 
• o 
CM 
^ 
CO 
• 
o 
CM 
CO 
ID 
• o 
0) 
CO 
•rH 
• 
o 
o 
r« 
N 
• 
o 
0) 
ID 
^ 
• 
o 
CO 
o 
^ 
• 
o 
CM 
»H 
<* 
« 
o 
CO 
CD 
CM 
a 
o 
OO 
^ 
CD 
r^  (0 
ID 
OO 
<f 
CO 
ID 
at 
CO 
CM 
ID 
CO 
"-I 
CM 
ID 
O 
ID 
* 
o 
•H 
cn 
OO 
• 
o 
CD 
ID 
(0 
»H 
CO 
* 
o 
0) 
OO 
(3) 
ID 
CO 
• 
O 
(0 
ID 
iD 
CM 
ID 
CO 
• 
O 
ID 
CD 
CO 
CO 
ID 
ID 
CO 
O 
CO 
ID 
ID 
CD 
00 
CJ) 
r-
h-
CD 
O 
r-
en 
CO 
OO 
r-
< 
1 
•-" C 
^^ 0) 
+J 00 
0 0 
B C 
X -H 
£ to 
0 a 
» 
c 
• H 
E 
D 
X> 
— < 
It) 
> 
o 
< 10 
OQ 
C 
•H 
- • H 
3 
J3 
0 
-« 
t? 
1 
t - . 
< 
to 
m 
-p 
01) 
u (Q 
)ft 
o 
o> 
< 
• p 
cu 
0 
Id 
jft 
o 
o 
•H 
< 
CD CD 
-P 
0) 
0 
ns 
-~ 
»< 
o 
«-( 
— 
50 
> 
o 
O 
• o 
0.8 
0.7 
0.6 
0.5 
0.4 
0.3 
0.2 
0.1 
1 2 3 4 5 6 7 
STOKES RADIUS (nm) 
Fig. 6 t Treatment of gel chromatographic data 
obtained on a Sephacryl S-300 column 
according to Laurent and Kit lander, 1964 (A) 
and Ackers, 1967 (B>. The marker proteins 
used were ; o< chymotryps inogen A <1), 
Ovalbumin (2), BSA (3) and K-Globumin (4). 
The arrows with A, B, and C indicate the 
position of 90%, 100% and (10%) acetylated 
BSA preparations respectively. 
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Ultraviolet spectral results: 
The ultraviolet absorption spectra of native and 
acetylated BSA preparations recorded at pH 7.0 ( 1 = 0.15) 
are shown in Fig. 9. The native spectrum was characterized 
by a peak at 279 nra and a trough at close to 255 nm. In 92X 
and lOOX acetylated BSA a detectable blue shift can be seen. 
These two preparations were characterized by possessing a 
peak at - 278 nm and a trough at at - 250 nm. The (10%) 
acetylated BSA shows no detectable blue shift. The blue 
shift in uv spectra in view of the gel filteration results 
described above is most likely due to conformational changes 
and exposure of chromophores to comparatively polar 
environment (Yanari and Bovey, 1960, Wetlaufer, 1962 and 
Donovan, 1969). 
The difference abosrption spectra obtained by 
subtracting the absorbance spectrum of native albumin from 
that of the modified albumins is shown in the inset of 
Fig.9. The difference absorption spectra are characterized 
by the presence of a trough at about 266 nm. Thus clearly 
spectral perturbation involve exposure of tyrosine residues. 
Bovine serum albumin contains two tryptophans both of which 
are believed to be exposed in the native protein (Sogami and 
Ogura, 1973). Further, the number of tyrosine (20) is 10 
fold greater than tryptophan in BSA. It is because of these 
reasons no difference spectral feature is apparent at about 
292 nm. The presence of a broad band at 300 nm is difficult 
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WAVELENGTH (nm ) 
Fig. 9 ; Ultraviolet absorption spectra of native and 
acetyl 3 ted albumin preparations was obtained 
at pH 7.0, 1=0.15, cone, of BSA preparations 
were '1.55 mg/ml. Different albumins are : 
native BSA(0 0 ), 90% acetylated BSA(A A ) , 
100% acetylated BSA (• •) and (lOX> acety-
lated BSA (# ^ ), Inset shows the UV 
difference absorption spectra of various 
modified albumins against the native protein. 
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to explain since none of these aromatic amino acids 
generally make any contribution at thi-j wavelyni^th. 
Interaction with bilirubin: 
The interaction of bilirubin witii albumin was studied 
by visible absorption spectroscopy. The aqueoue solution of 
bilirubin (at pH 8.0) gives an absorption maximum near 435 
nm. Addition of equimolar amount of albumin causes a red 
shift by 25 nm as shown in Fig. 10. This red shift is a 
characteristic of the interaction of bilirubin and has been 
observed by several workers (Reed, 1977, Brodersen, 1979, 
Jacobsen and Brodersen, 1983 and Tayyab and Qasim, 1987). 
This red shift is believed to originate from the transfer of 
bilirubin from polar aqueous media to a relatively non polar 
binding sites in albumin. 
The visible difference absorption spectra for the 
interaction of bilirubin with native and modified albumins 
at different molar ratio of bilirubin over albumin (viz. 
0.5, 1.0 and 2.0) at pH 8.0, was obtained manually by 
subtracting the absorption spectrum of bilirubin from that 
of the absorption spectrum of bi 1 i ru'bi n-a 1 bumin complex. 
These visible difference absorption spectra at different 
molar ratio are shown in Fig. 11, 12, and 13. In difference 
spectra the peak is obtained at 480 nm. The percent binding 
data were calculated by taking the /VO.D. value at 480 nm 
for the native BSA as lOOX. The binding data with acetylated 
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Fig. 10 : Visible absorption spectra of bilirubin in 
absence <o 0) and the presence (• • ) of 
native BSA obtained at pH 8.0, 1 =0.15. Molar 
ratio of bilirubin over albumin was 0.5 
concentration of albumin was "27 nn. 
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360 400 440 480 520 
WAVELENGTH (nm) 
Fig. 11 : Visible difference absorption spectra of 
hiIirubin-3ibumin complex in 0,1 M tris-HCl 
buffer, pH 8,0, I =0.15, The different 
albumin preparations are: native BSA (• • ), 
(10%> acetylated BSA (0 0 ), 90% acety-
lated BSA (O 0 ), and lOOX acetylated BSA 
( A — A ), The molar ratio between bilirubin 
and albumin was 0,5. ., 
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Fi^. i:^  : Vi-^iblo difference absorption spectra of 
hi I i ftibin-albumin complex obtained in O. 1 M tris 
MCI buffer. pH 9,0. I =0.15. The representation 
of different albumin preparations is the same as 
given in Fig, 11. The molar ratio between 
bilirubin and albumin was 1.0. 
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Fig. 13 : Visible difference absorption spectra of 
biIirubin-aIbumin complex obtained in 0.1 M trls 
HCl buffer, pH, 8.0, 1= 0.15. The representation 
of different albumin preparations is the same as 
given in Fig. 11. The molar ratio between 
bilirubin and albumin was 2.0. 
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BSA'3 at different molar ration are jummeri^ed In Table 
VIM. A notable feature of those result-^ is a duel i no in 
difference spectral magnitudo for aootyldtod albumins at 
various molar ratio. This decrease was much moro pronounced 
for 100* acetylated BSA which showed only about 4% binding 
at bilirubin albumin molar ratio of 1.0 compared to 74H 
binding obtained for (10?i) acetylated albumin c' the same 
rat io. 
The loss in reactivity of acotylated albumins can be 
accounted by the conformational changes which take place 
upon acetylation as well as by chemical modification of 
certain critical lysine residues V'/hich are involved in the 
formation of salt bridge (s) with the two carboxylate groups 
of bilirubin (Brodersen, 1979, Lightner, et al., 1988). 
Interaction with bronophenol blue: 
The visible absorption spectra of bromophenol blue 
(BPB) at pH 4,0, 6.0 and 8.0 (l = 0.4) gives an absorption 
maximum at 590 nm. Addition of equimolar amount of BSA 
causes a red shift of about 15 nm (see inset of Fig, 14-16). 
The difference spectra were obtained manually and are shown 
in Fig, 14-16 for different protein preparations at pH 4.0, 
6,0 and 8.0, The difference spectra are characterized by the 
presence of a peak at about 620 nm and a trough near 585 nm. 
The difference spectra for the three modified preparations 
wore qualitatively similar to the one obtained for the 
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Table VIII 
Interaction of bilirubin with native and acetylated BSA 
preparations at different aolar ratios at pH B.O 
molar ratio of bilirubin over albumin 
BSA 
Preparation % binding at % binding at % binding at 
ratio 0.5 ratio 1.0 ratio 2.0 
Native BSA 100,0 100.0 100.0 
90% acet BSA 8.0 10.3 12.7 
lOOX acet BSA 3,8 4.4 5.9 
(lOX) acet BSA 80.2 74.0 74,2 
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Fig. 14 : Vlglbie difference absorption spectra of 
bromo|3henol blue-albumin complex in sodium 
acetate buffer pH 4,0, 1=0.A. The different 
albumin preparations are : native BSA (0 C ), 
(10%> acetylated BSA (A—-A ), 90?l acetylated BSA 
(• • ) and 100% acetylated BSA (» © ) , Inset 
•^hows the spectrum of BPB ( 0 0 ) and BPB-
nafciv^ albumin complex (t • I at pH 4.0. The 
molar ratio of BPB over albumin was 1.0, 
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Fig, 16 : Visible difference absorption spectra of 
bromophenol bIue-aIburain complex in sodium 
phosphate buffer, pH 8.0, 1= 0.4. The 
representation of different albumin preparations 
is the same as given in Fig. lA. Inset shows the 
spectra of BPB in absence ( 0 -0 ) and in 
presence (•—$) of albumin. The molar ratio of 
BPB over albumin was l.O. 
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native protein. However as can bo seen there were 
considerable quantitative changes in the magnitude of 
difference spectrum. The decrease in the magnitude of 
difference spectrum with increase in the extent of 
modification may be either due to loss of some of the 
binding sites on albumin and/or decrease in affinity 
constant of all or some of the binding sites. The binding 
data in terms of percent binding were obtained as for the 
binding of bilirubin to albumin derivatives and are depicted 
in Table IX. The pH seems to have no or little effect on the 
comparative binding of bromophenol blue to the different 
modified preparations. However as can be seen from the 
results shown in Fig, 14. through 16 the absolute change in 
O.D. are significantly different. Figure 17 shows a plot 
between the molar ratio of dye over protein and the 
difference spectral change at 615 nm. 
Interaction with bronocresol green: 
Interaction of broraocresol green (BC(3i) with native BSA 
and its acetylated preparations was studied by visible 
spectroscopy at three different pH values (i.e. 4.0, 6.0 and 
8.0) and ionic strength of 0,4. The aqueous solution of BCG 
gives an absorption maximum at 615 nm at the pH values 
mentioned above. Addition of BSA at pH 4.0 caused a red 
shift of about 10 nm. The red shift at pH 6.0 and 8.0 was 
not detectable except in native and (lOJi) acetylated albumin 
which gives a red shift of about 5 nm. 
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Table II 
Interaction of bronophenol blue with native and acetylated 
albuain;?, studiod at three different pH values (i.e. 4.0, 0.0 
and 8.0) I = 0.4, molar ratio of BPB over albumin was 1.0 
BSA % binding at % binding at % binding at 
Preparation pH 4.0 pH 6.0 pH 8,0 
Native BSA 100 100 100 
90% acet BSA 42 40 37 
100% acot BSA 37 29 31 
(10%) acet BSA 73 69 69 
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1.0 2 0 3.0 4.0 50 6.0 7.0 8.0 
RATIO OF DYE /PROTEIN 
Fig. 17 : Difference absorbance values of BPB-protein 
compleK obtained as a function of dye/protein 
ratio at pH A. 0 (A), pH 6,0 (B> and pH 8,0 (C). 
The different protein preparations are : native 
BSA (• ^ ), (10%) acetylated BSA (A -T4 ), 
90% acetylated BSA ( 0 -0) , and 100% acetylated 
BSA (» e ) , 
66 
Ths diff»r«9nci3 abgorption spectra at pH 4,0 for native 
and the thr©^ modified albumins aro characterized with a 
peak at 630 nm <Fig. 18-21). The percent binding data at pH 
4.0 are summerized in Table X, The difference spectra 
obtained at pH 6.0 and 8.0 however, lacked the peak and 
instead gave a trough at about 620 nm (Fig, 18 -21). The 
magnitude of trough increased with increase in the degree of 
modification. This results is difficult to explain. It is 
possible that the trough is obtained due to nonspecific 
bromocresol binding. Conformational changes probably make 
more of such nonspecific sites available for binding with 
bromocresoi grgen. Figure 22 shows a plot between the molar 
ratio of protein and the dye and the difference spectral 
change at the wavelength of maximum change at pH 4.0 and 
6.0. It appoarrn that chemical modification decreases the 
number of ligand binding sites due to conformational changes 
in thq protein and/or involvement of lysine residues in the 
1 i gand b i nd i ng. 
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F i g . 18 : V i s i b l e d i f f e r e n c e a b s o r p t i o n s p e c t r a o f 
b r o m o c r e s o l g r e e n - n a t i v e a l b u m i n c o m p l e x 
o b t a i n e d a t pH 4 , 0 ( t • ) , pH 6 . 0 ( 0 0 ) a n d 
pH 8 . 0 iA. A >f I = O . A . T h e m o l a r r a t i o o f BCG 
o v e r a l b u m i n was 1 . 0 . 
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Fig. 19 : Visible difference abaorptioq spectra of 
bromocresol groen-9Q% acetylated BSA complex 
obtained at three different pH values viz. 4.0, 
6.0 and 8.0. Other details are same as in legend 
to Fig. 18. 
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Fig. 7.0 : Visible difference absorption spectra of 
bromocresol green-lOOJt acetylated BSA complex 
obtained at three different pH values viz. 4.0, 
6,0 and 8,0. Other details are same as in legend 
to Fig. 18, 
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Fig, 21 : Visible diffgrence absorption spectra of 
bromocrgsol gr99n-(10%) acetylated BSA complex 
obtained at three different pH values viz. 4,0, 
6.0 and 8.0. Other details are same as in legend 
to Fig. 18. 
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Table X 
Interaction of bronocresol green with native and acetylated 
albumins at pH 4.0, I = 0.4, aolar ratio of BCG 
over albufflin was l.O 
BSA Preparation % binding 
Native BSA 100 
90% acet BSA 29 
100% acet BSA 15 
(10%) acet BSA 53 
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Fig. 22 Difference absorbance values of BCG-albumln 
complex obtained as a function of dye/albumin 
ratio at pH 4.0 (A) and pH 6.0 (B>. The 
different albumin preparations are : native BSA 
(• • ) , (10%) acetylated BSA (0 -0), 90% 
acetylated BSA ( ifc f ), and 100% acetylated 
BSA ( A. k, ) . 
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